Abstract: An ionic liquid (IL) interaction system of Br -with 1-(4-butylamino)-3-methyl imidazolium([Bamim] + ) were investigated using B3LYP and MP2 methods at 6-311++G** level. Three possible stable geometry structures of this IL system were optimized. The energies of these three structures and ion-pair considering zero point energy (ZPE) and basis sets superposition energy (BSSE) correction were calculated. The results show that the interactions between ([Bamim] + ) and Br -are mainly hydrogen bonds(H-bonds); the interaction energies between ion-pairs are larger than -350KJ/mol, which are far beyond those of H-bonds; the interaction nature of Br -with cation is studied based on natural bond orbital (NBO) calculation and the results show that the electrostatic attraction force plays a very important role in the interaction energy between ion-pair.
INTRODUCTION
The worsening environmental problems are receiving increasing attentions, and scientists from all kinds of fields have been trying their best to find out environment-friendly chemical reagents. As one kind of versatile green media, Ionic liquids can be used as novel solvents without water and can be recycled, they have been paying more and more attentions [1] [2] [3] [4] . And increasing environmentalists attempt to handle environmental matters by using ILs [5] [6] [7] [8] [9] . So it is very important to make clearly the properties of different kinds of ILs, due to that ILs are consist of organic cations and organic or inorganic anions, many ion-pairs can form thousands of ILs, thus it needs theoretical efforts to help the experimental technologies [10, 11] .
Hence in this paper, the ILs of bromide 1-(4-butylamino)-3-methyl imidazolium ([Bamim] + ) is systematically investigated. The microstructure and the interaction nature between ion-pair were researched through computational quantum chemistry methods.
THEORETICAL METHODS
Both B3LYP and MP2 methods were used in this paper. B3LYP method can save much computation cost and offer reliable structure results, MP2 method can offer sound energies when it comes to describing *Address correspondence to this author at the North China Electric Power University, Science and Technology College, Baoding 071003, PR Chnia; Tel: +86 13930239997, E-mail: lisayangtony@163.com systems with very weak interactions, therefore the ILs structures are optimized at B3LPY//6-311++G** level, and the energies were calculated at MP2//6-311++G** level. All the calculations were completed by employing gaussian03 [12] and AIM 2000 [13] programs. is Br28 H14-C5 Br28 H19-C7 Br28 H21-C8 The three H-bonds in B IL are Br28 H12-C2 (2.1806Å), Br28 H15-C6(2.9083Å) and Br28 H20-C8(3.2767Å), the bond strength order is Br28 H12-C2 Br28 H15-C6 Br28 H20-C8. The bond lengths of Br28 H12-C2 and Br28 H15-C6 are shorter than the van der Waals radii of Br and H. But the bond length of Br28 H20-C8 is longer than the van der Waals radii of Br and H, However, AIM calculation confirmed its existence actually. "Electron transfer effect" leads to the elongation of H12-C2 and H15-C6 bonds. However, the bond length of H20-C8 is shortened instead of being elongated abnormally.
RESULTS AND DISCUSSIONS

Geometries of Stable Species
There are two H-bonds of Br28 H15-C6(3.0692Å) and Br28 H18-C7(3.0387Å) besides a weak chemical bond of Br28 C2(2.8752Å) in C IL. There are also special phenomenon in C IL, for example, Br28 H15-C6 H-bond is formed despite of its bond length is longer than the van der Waals radii of Br and H; C2-H12 is shortened by 0.0057 Å abnormally, which involves in forming Br28 C2 weak chemical bond.
Energies of all Species
The absolute energies and relative energies of all ILs structures were corrected by ZPE and BSSE correction and were listed in Table 1 Theoretically, the unit positive charge in isolated [Bamim] + should belong to N3 atom, but it can be found in Table 2 . And if the unit positive charge does not redistribute, the atomic negative should be increased and the atomic positive charge should be decreased when imidazole ring receive -0.06006 negative charges from Br28. Table 3 shows that the some of the atomic charge changes are consistent with the above assumption, such as the positive charge of C2, H12 and H13 are decreased by 0.02533, 0.01712 and 0.01668, the negative charge of N3, C4 and C5 are increased by 0.01585, 0.03494 and 0.00056. However some of the atomic charge changes are against the assumption, such as, the positive charge on H14 is increased by 0.05025; the atomic negative charge on N1 is decreased by 0.00017. These abnormal charge changes indicate that the positive charge of cation redistributes when A IL is formed.
The charge dispersion and redistribution result in the atomic charge changes which lead to the reinforcement of electrostatic attraction force between ion-pair. For example, Table 3 shows that the positive H21 is increased after the dispersion of unit positive charge on N3, and then, the positive charge of H21 
